Abstract-A design for a modular testing platform to objectively evaluate the behavior and characteristics of specialized endovascular instruments (guidewires/catheters) was presented and discussed. The platform comprises of an instrument driving mechanism and an interchangeable channel module depending on the parameter that is being measured. This platform could be used to study and benchmark commercial endovascular instruments. Such a guide would be useful to assist clinicians in the selection of the best tools for a given procedure. and derive the behavioral model for each instrument.
I. INTRODUCTION
It is a well-known fact that cardiovascular diseases (CVD) are the number one cause of death around the world. The projected estimation is that the annual death count attributed to CVDs will reach 23.3 million by 2030 as it continues to be the single leading cause of death in the future [1] . The seriousness of the situation has led to the introduction of endovascular interventions/surgery over three decades ago which enables the diagnosis and treatment of many major vascular diseases and has become a vital part of vascular health care today [2] . Endovascular interventions such as angiography and angioplasty are very widely used today to diagnose and treat vascular disease. These procedures rely heavily on the specially-designed, long and tubular instruments known as catheters and guide wires.
Technological advancements in both biomedical engineering and material science have brought forth the invention of new and more sophisticated endovascular instruments to assist vascular surgeons or interventionists to do their job. However, with the flood of new devices, each claiming to be the best in the market, there is no established quantitative rating system to objectively evaluate and validate these devices. This rating system is required in order to help the end users to differentiate between and understand the strengths and weaknesses of each device. This paper proposes the design of a modular testing platform, which could form the foundation for the standard mentioned.
II. BACKGROUND
The objective of the modular testing platform is to enable the study, record and analysis of the behavior of a guidewire and/or catheter within a controlled environment resembling a channel. There are currently several companies which have produced similar test machines to fulfill the same purpose. One example is the Guidewire Testing System (Fig.1 ) that was developed by Instron Inc. This system is able to "measure elongation and strength properties of the material" and also to "quantify the frictional forces of guidewire to simulate the action of the product being pushed through a patient's body" [3] . The former is usually known as material testing whereas the latter is often referred to as tortuosity testing. The key to successful tortuosity testing is to control the movements of the guidewire in that it would mirror closely the movements of the guidewire as manipulated by a real life surgeon. This is very challenging to implement and is one of the issues that the proposed design plans to address.
German based company, Zwick Roell has developed a testing system specifically for urinary and cardiology catheters (Fig.2) . It is able to "determine the push force in a simulated catheter insertion with very high accuracy" and measure the "frictional behavior of the catheter by pushing it through an artificial artery" [4] . Other parameters it could measure are insertion force measurements, flexibility and effect of lubricity on instrument movement. Another company, MSI has developed a single platform to test both guidewires and catheters known as the IDTE Test Platform (Fig. 3) . Not limited to only the two aformentioned instruments, the IDTE is also able to test catheters, guide wires, stent delivery systems, colonoscopes,endoscopes and scope tools [5] .
III. METHODOLOGY
Current commercial testing systems are typically large and costly. The design proposed here, being modular, has a smaller footprint, more portable and more cost effective. The two key components of the platform are the instrument driving mechanism and the channel module. 
A. Instrument Driving Mechanism
The objective of this mechanism to manipulate a guidewire and/or catheter and control their respective lateral and rotational movements. This instrument driving mechanism should have the minimum resolution of 1mm movement translationally or 15 degrees rotationally.
In the proposed design, a pair of actuators are arranged in a unique configuration to drive the instruments (Fig.4) . Firstly, a servo motor is attached to the base of the guidewire or catheter with the use of a custom gripping mechanism. This motor will be used to rotate the instrument to the desired degree or angle.
The second is a linear motor that mounts the servo motor on its track. The lateral motion of the servo motor on the linear actuator tracks will translate to the lateral movement of the instrument itself. This linear motor will push or pull the instrument by advancing and withdrawing the mounted motor. Digital encoders are fixed to each servo motor to track the movements and positions of both instruments.
In endovascular interventions, typically more than one instrument is deployed at one time. However, designing and setting up an instrument driving mechanism for two concentric instruments (i.e. guidewire inside catheter) is very complicated and potentially very costly. Thus, in this project, we propose the use of a second instrument driver mechanism (operationally similar to the first) that will drive the instrument from the opposite end of the track module. To illustrate, this setup can be used to study and compare the behavior of a catheter when inserted by itself versus when it is being supported by a guidewire from within. In addition, further tests can be done to see the catheter stiffening effects of various types of guidewires, differing in material and diameter.
B. Channel Module
The instruments are to be driven into a channel and the size, type and shape of the channel depends on the instrument (catheter/guidewire) parameters being observed and recorded. With the proposed modular design, the channel module can be switched out and replaced as needed. For example, there could be a module to test the mechanical behaviour of instruments in tortuous renal arteries. This module could be in the form of phantom vessels with various types of sensors embedded within.
The module could also be equipped with a camera, looking down on the vasculature from above so as to capture the shape of the instruments in 2D as it traverses the vessel. This information can then be used to model the mechanical behavior of the instrument mathematically so that it can be ranked in terms of suitability in performing a task. In the long term, it is envisioned that this would give rise to a database that would rank, without bias, the best catheters or guidewires that can be used to access a particular vessel based on several factors, such as anatomy of the vessel, pathology type, operator skill level and patient condition.
An increasingly popular method of developing the skills required to manipulate the instruments successfully is through the use of virtual reality (VR) simulators [6] . These have the ability to load a number of training scenarios, featuring a variety of anatomical models on which to operate, with different types and levels of pathology. Another advantage of having a database containing the behavior model of each instrument means that we can have a more accurate representation of these instruments in a virtual environment. Therefore, with this new data, the virtual instruments in computer simulators will behave more realistically than before and this will significantly increase the effectiveness of the simulator training.
Alternatively, there could also be a module to test the behavior of instruments at specific or irregular temperatures. In this module, the simulated vessels could be exposed to different cooling and heating elements and special sensors (e.g. capacitive) can be used to analyse the instruments' conditions during and after testing. There are many possibilities for the modules, which are designed for the testing of a particular feature or characteristic.
C. Expert Instrument Handling Module
Earlier in this paper, it was mentioned that one of the main challenges in driving the guidewire is to ensure that the handling of the guidewire is sufficiently similar to how it would be handled by a real-life surgeon. For this reason, we propose the design of a specialised channel or track module for tracking and recording the movements of the guidewire.
Conceptually, before the guidewire is used for testing and analysis, an expert surgeon will perform the driving of the guidewire into the track module. A camera will be used to measure each movement of the guidewire using a customised algorithm and this data is saved into a datalogger (Fig. 6(a) ).
When guidewire testing is to be performed, the track module will be replaced with the track module for testing. Then, guidewire movement data, which was recorded in the datalogger, is then processed with a custom algorithm and translated into instructional data for the motors responsible for instrument insertion and rotation (Fig. 6(b) ). These instructions will be sent to the instrument driving system to replicate the guidewire movements as handled by the expert surgeons. Hence, the behaviour of the instruments can be studied in a more realistic setup. 
IV. CONCLUSION & FUTURE WORK
This paper describes the concept and design for a modular testing platform that allows for the study of endovascular instruments behaviour. It features a dual instrument driving mechanism setup and an interchangable track module. In addition, it also features an instrument handling, recording and analysing module which would potentially allow the system to handle the instruments with a more realistic manner.
With the proposed setup, detailed quantitative analysis can potentially be done based on the modeled behavior of each instrument to determine which guidewire is best used with a certain catheter for a specific task to be performed within a particular vessel. As this is an ongoing project, the designs in Fig. 4 and 5 is still being manufactured. During this stage, minor changes and tweaks are still being implemented into the system design to improve it further.
Aside from being designed as a testing platform, the proposed system could also be modified slightly to become useful in other applications. One such field, which is a popular and related field of future research, would be in the development of robotic catheter systems. Robotic surgery platforms, none more well-known than the Da Vinci Surgery Systems [7] , require systems with military grade precision and accuracy in order to perform lifesaving surgical procedures. For endovascular surgery, the Sensei Robotic Heart Catheter [8] system has been used clinically and well established.
Another area of research would be to study the difference in the instrument driving mechanism between the one we will develop in this work compared to the high-end actuators used in their systems. This would be the first step in an effort to make robotic catheter systems more affordable for medical institutions in third world countries without compromising on any safety aspects.
Haptic feedback is a major issue when it comes to robot surgical systems and this is especially true for endovascular interventions. Operators need to be able to feel the right level of tactile feedback in order to correctly and safely manipulate the instruments. For example, the surgeon must immediately stop advancing the instruments when a resistance force is felt. Otherwise, he/she might cause a perforation of the vessel causing the patient to bleed internally. There is a lot of room for research in this respect since there is a lack of published information regarding the intricacies and complexities of haptic sensations during endovascular interventions.
